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CHAPTER 1 
 
 
INTRODUCTION 
 
 
1.1 INTRODUCTION 
 
According to the Environmental Protection Agency (EPA), the average person 
dumps almost 4.5 pounds of waste into landfills every single day. With the population 
skyrocketing across the country, these landfills will only become more of a public issue 
as time goes on. Despite the arguments over landfills in general, there are no arguments 
over the assertion that there are many things that contribute to the environmental 
problem of landfills. The environmental problems caused by landfills are numerous. 
While there are many problems with landfills, the negative effects are most commonly 
placed into two distinct categories: atmospheric effects and hydrological effects. (Jared, 
2014). Landfills also create a toxic soup of industrial and home-cleaning chemicals. 
People throw away everything from industrial solvents to household cleaners in 
landfills, and these chemicals accumulate and mix over time. The onset of such 
problems raised environmental concern and initiated the involvement of geotechnical 
engineers in environmental matters. Geoenvironmental engineering covers the aspect of 
contaminated site remediation and the prevention of future contaminated sites. 
One of the alternatives used to solve the problems is by using the natural sources 
that are clays. Clays act as environmental barriers around waste disposal site where they 
are used as liners and capping materials for landfills sites. The clay liners act as barriers 
to water and containment flow in landfills and other waste containment facilities. 
Highly plastic clays are used as barriers in landfills and nuclear waste repository 
(Daniel, 2003; Pusch, 2005). Furthermore, clays also used for geo-environmental 
application in remediation, treatment and control of waste (Sharma & Reddy, 2004). 
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Clays are used for barriers because its behaviour related to the volume change 
(i.e. the shrinkage and swelling processes) due to changes in the water content (Delage 
and Romero, 2008; Abuel-Naga and Bouazza, 2010). The drying and wetting behaviour 
(i.e. soil-water characteristic curves, SWCCs) of clays have been extensively studied in 
the past (Croney and Coleman, 1954; Fleureau et al., 1993; Barbour, 1998; Delage et 
al., 1998; Marcial et al., 2002). SWCC can be used to estimate the soil properties such 
as volume change characteristic, permeability and shear strength functions (Fredlund, 
2006).  
In some cases, naturally occurring fine grained soils containing kaolinite serve 
as the undisturbed clayey barriers (Yang and Barbour, 1992). Additionally, in an 
attempt to develop low cost technologies, locally available kaolinite-rich soils are 
preferred as the mineral liners. In order to identify the engineering behavior of the soil, 
a study focus on FMC Kaolin clay need to be done to study its drying path of soil-water 
characteristic curve (SWCC). The theory and components of SWCC will be discussed 
in detail in chapter 2. 
 
1.2 PROBLEM STATEMENT 
 
To understand and to evaluate or predict soil behaviour, one needs to have 
information on the properties of the soil under consideration. This information can be 
obtained by soil-water characteristic curve (SWCC) which is subjected to drying 
process. The suction-water content soil-water characteristic curves (SWCCs) provide 
useful information for predicting the engineering behaviour of soils such as shear 
strength, volume change behaviour, permeability and compressibility. Thus it is very 
important to establish the suction-water content SWCC of soils. The is lack of 
information published on locally available commercialized clay in Malaysia, thus this 
study is hope to establish the suction-water content for KMC kaolin. 
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1.3 OBJECTIVE 
 
There are several objectives to be accomplished through this study. 
1. To determine the physical properties of FMC kaolin. 
2. To establish the drying suction-water content (SWCC) for FMC kaolin. 
 
1.4 SCOPE OF STUDY 
 
To reach the objectives of this project, several analysis and testing were carried 
out in Soil and Geotechnical Laboratory at Universiti Malaysia Pahang. Variables of 
this project are a water content of the FMC Kaolin and soil suction . The initial state of 
soil specimens are slurry at initial water content of 1.2 times the liquid limit. Drying test 
will be conducted for suction applied of 0.1 – 120 MPa using the osmotic and the 
vapour equilibrium techniques.  
 
1.5 THESIS LAYOUT 
 
 This thesis consists of five consecutive chapters. Chapter 2 presents the literature 
review conducted that are related to this research study. This chapter includes kaolinite 
clay minerology, clay-water interaction, soil suction and soil water characteristic 
curve(SWCC).  
 Chapter 3 is methodology. This chapter explains the methodologies adopted in 
this study. This chapter covers all steps and procedures required for the sample 
preparation, determination of bentonite clay properties (specific gravity, initial water 
content, Atterberg limit, particle size distribution and soil mineral properties), and 
determination drying path by osmotic test and vapour equilibrium test. 
Chapter 4 consists of results and discussion obtained from the study. This 
chapter includes the outcome obtained through the tests done in the determination of 
kaolinite properties. It also include the results obtained from the drying process of the 
kaolinite clay which are then will be used to discuss the behavior of suction in kaolinite 
clay, and to develop the SWCC.  
